Introduction
============

Chagas disease is an infection caused by the protozoa Trypanosoma cruzi, discovered by Carlos Chagas in 1909^[@r01],[@r02]^.

This disease presents in three stages: acute, chronic indeterminate (ICD) and chronic (in the following variants: cardiac, digestive, cardio--digestive, and the nervous system)^[@r03],[@r04]^.

The indeterminate stage was defined as the presence of T. cruzi infection and the absence of clinical, radiological, and electrocardiographic indications of cardiac or digestive involvement^[@r05]^. Half of the patients infected in endemic areas fall in this ICD stage, and although the principal characteristic of these patients is the absence of these abnormalities, morphofunctional cardiac alterations are observed when using other complementary methods such as exercise testing^[@r06]^, dynamic electrocardiography^[@r07]^, noninvasive autonomic tests^[@r08]^, radionuclide ventriculography^[@r09]^, and echocardiography^[@r10]^.

Doppler echocardiogram is a noninvasive heart assessment method, and various morphological and functional analyses of patients with Chagas disease have demonstrated the usefulness of M mode^[@r11]^ and 2-D in analyzing global and segmental contractility of the ventricles as well as systolic and diastolic left and right ventricular function and detecting thrombi and aneurysms^[@r12],[@r13]^.

In Chagas disease, RV involvement appears early and frequently^[@r14]^. Although echocardiography is a noninvasive and versatile diagnostic tool for assessing cardiac morphology and function, RV assessment is technically limited and subjective. In 2010, guidelines were published^[@r15]^ with quantitative suggestions for analyzing systolic and diastolic RV function.

The present study aimed to determine the prevalence of early systolic and diastolic RV dysfunction in adult patients with ICD/CN, according to the recommendations of the aforementioned guidelines^[@r15]^.

Methods
=======

Description of the study
------------------------

This was an observational, epidemiological case--control study, with descriptions and prevalence^[@r16]^, approved in 2011 by the HC-UFG Ethics and Research Committee.

Patients
========

The patients were selected and divided in a nonblinded manner into two groups. The patients selected for group I (n = 31) were without previous pathologies, blood donors, and with normal results for electrocardiogram (ECG), hemoglobin (HB), creatinine (CT), thyroid-stimulating hormone (TSH), and glucose (G) levels as well as nonreactive indirect immunofluorescence serology (IgG IFI)^[@r17]^ for Chagas disease.

Patients selected for group II (n = 61) were diagnosed with ICD/CN (regardless of origin, the patients did not undergo proctological evaluation to rule out intestinal involvement) and were seen on an outpatient basis at the HC-UFG Chagas and cardiology clinic; they had the following test results:

-   Normal ECG and chest X-ray.

-   Reactive serology for Chagas disease using two of the following three tests: IgG IFI^[@r17]^, enzyme-linked immunosorbent assay (ELISA)^[@r17]^, and hemagglutination inhibition (HAI)^[@r17]^.

-   Normal CT, G, TSH, and HB levels.

-   The free and informed consent form (ICF) was signed by all patients or legal guardians.

Exclusion criteria
------------------

-   Inadequate cardiac window

-   Systemic arterial hypertension (SAH).

-   Pregnancy.

-   Chronic alcoholism.

-   Hematologic, thyroid, and rheumatic diseases.

-   Diabetes mellitus and glucose intolerance.

-   Kidney and liver diseases.

-   Heart and lung diseases of any etiology.

-   Inability to sign the consent form.

-   Age \< 18 years.

Echocardiographic assessment
----------------------------

Echocardiography was performed using an Xsario device (Toshiba), with images being digitally recorded; it was performed by a single observer. Each measurement for the variable was obtained in the online mode as the average of three consecutive beats in regular sinus rhythm^[@r18],[@r19]^. Images were recorded in parasternal longitudinal planes, transverse short axis, and apical two-, three-, and four-chamber (A4C) views ^[@r20]^.

The parameters for RV systolic function were as follows: tricuspid annulus movement (TAM), calculation of fractional area change (FAC), and systolic velocity (S wave) obtained by tissue Doppler (TD)^[@r15]^.

TAM is a method that estimates the distance of systolic excursion of the lateral tricuspid valve annulus and should be obtained using the M-mode cursor in the longitudinal A4C view, measuring the largest longitudinal displacement of the tricuspid base toward the apex during systole^[@r15],[@r21]^.

FAC is defined as follows: end diastolic area (RV EDA) − end systolic area (RV ESA)/(EDA × 100). FAC measures RV systolic function with a good correlation with ejection fraction (RVEF) estimated by nuclear magnetic resonance (NMR)^[@r15],[@r22],[@r23]^. It was performed by tracing the RV endocardial edge in the telediastole and telesystole.

TD of the lateral annulus in the basal segment of the RV free wall provides the longitudinal velocity of the systolic excursion wave (S wave), and it was conducted in the A4C window obtained by pulsed Doppler (PD) in the middle of the basal portion of the free wall, being relevant and reproducible^[@r15]^.

The right myocardial performance index (RMPI) represents the overall index of systolic and diastolic function, defined by the following ratio: isovolumetric relaxation time (IVRT) and contraction time (IVCT) divided by ejection time (ET), or \[(IVRT + IVCT)/ET\]. The opening and closing time (OCT) is IVCT + ET + IVRT. RMPI can be obtained by two methods: PD and TD. In PD, ET was measured in the RV outflow tract at the level of the pulmonary valve and OCT was measured at the level of the tricuspid valve. In TD, ET was estimated using the duration of the S wave and OCT was measured using the duration of the time from the end of the late expansion wave (a\') to the beginning of the initial expansion wave (e\')^[@r15]^,^[@r24]^.

Analysis of RV diastolic function was performed in the A4C window by PD aligned parallel to the tricuspid flow, placing the sample volume at 1 cm from the tip of the leaflets of the tricuspid valve^[@r25]^, and measurements were performed at the end of expiration^[@r26]^. E and A waves were measured along with the E/A ratio, deceleration time (DT), and IVRT. In addition, e\' and a\' waves as well as e\'/a\' and E/e\' ratios were assessed using TD.

The area (RAA) and volume of the right atrium (RAV) were obtained in the A4C window using planimetry^[@r15],[@r27]^ and the Simpson method^[@r28]^, respectively.

The right atrial pressure (RAP) was assessed by measuring the diameter of the inferior vena cava (IVC) in the subcostal projection (JSC) at 0.5--3.0 cm from the RA ostium at the end of expiration as well as the estimated inspiratory collapse (CIVC)^[@r15],[@r29],[@r30]^.

RA inflow was observed using subcostal projection at the level of the hepatic vein^[@r31]^ because for normal or low RAP, the predominance of systolic wave velocity (Vs) is greater than that of diastolic wave velocity (Vd). When RAP is elevated, Vs decreases in the ratio Vs/Vd \< 1^[@r15]^. The fraction of hepatic vein diastolic filling is the ratio Vs/Vs + Vd, and the value \< 55% was the most sensitive and specific finding for elevated RAP^[@r15],[@r32],[@r33]^.

The systolic pulmonary artery pressure (SPAP) was estimated from the measurement of the velocity of the tricuspid regurgitant jet with the addition of RAP because there was no obstruction of the right ventricular outflow^[@r15],[@r34]^.

Echocardiographic criteria
--------------------------

The definition of systolic and diastolic dysfunction of RV was based on one of the following criteria^[@r15]^:

### 1. Systolic dysfunction:

-   RMPI \> 0.40 by PD and \> 0.55 by TD.

-   TAM \< 16 mm.

-   FAC \< 35%.

-   S \< 10 cm/s.

### 2. Diastolic dysfunction:

-   Abnormal relaxation (AR): transtricuspid E/A wave ratio \< 0.8.

-   Pseudonormal pattern (PP): transtricuspid E/A ratio between 0.8 to 2.1 and E/e\' ratio \> 6^[@r14],[@r35]^ or predominant diastolic flow in the hepatic vein.

-   Restrictive filling pattern (RP): E/A ratio \> 2.1 with DT \< 120 ms.

Statistical analysis
--------------------

Data were entered and analyzed in the Statistical Package for Social Sciences (SPSS) (17.0) software program. Continuous quantitative variables were expressed as means and standard deviation, and categorical variables were expressed as frequency and percentage. The Komolgorov--Smirnov test was used to assess whether the continuous quantitative variables presented normal distribution. When the variables and the groups they showed normal distribution, Student\'s t-test was used; when they did not, the Mann--Whitney test was used. To compare discrete variables as well as the groups, Fisher\'s exact test was used. For all analyses, a 95% confidence level was used (p \< 0.05 as significant).

Considering that there are five new cases per week of patients with ICD referred to the Chagas clinic, it was estimated that during the period of data collection (32 weeks), the presumed population would be 130 patients. With a 5% significance level, test power of 80%, and 5% margin of error, the sample size would be 92 patients, divided into 31 for group I and 61 for group II.

Results
=======

Of the 92 patients evaluated, the mean and standard deviation for the variables of general and echocardiographic characteristics between groups I and II are shown in [Tables 1](#t01){ref-type="table"} and [2](#t02){ref-type="table"}, respectively.

###### 

General characteristics of normal patients and patients with ICD/CN

  Variables                                           Group            p                
  --------------------------------------------------- ---------------- ---------------- -------
  Age (years)[\*](#TFN01){ref-type="table-fn"}        45.32 ± 12.36    39.73 ± 12.94    0.071
  Weight (kg)[\*](#TFN01){ref-type="table-fn"}        67.66 ± 12.37    71.29 ± 14.91    0.270
  Height (cm)[\*](#TFN01){ref-type="table-fn"}        156.88 ± 30.56   159.24 ± 32.63   0.749
  BSA[\*](#TFN01){ref-type="table-fn"}                1.69 ± 0.19      1.77 ± 0.24      0.174
  HR[\*](#TFN01){ref-type="table-fn"}                 70.36 ± 9.83     71.90 ± 10.43    0.509
  LVDD[\*](#TFN01){ref-type="table-fn"}               47.05 ± 5.22     46.71 ± 5.21     0.779
  LVEF (Teichholz)[\*](#TFN01){ref-type="table-fn"}   73.56 ± 7.35     73.55 ± 6.66     0.996
  Sex (female)[\*\*](#TFN02){ref-type="table-fn"}     24/77.4%         45/73.8%         0.190

Student's t-test;

Fisher's exact test.

Cm: centimeters; LVDD: LV diastolic dimension in millimeters; HR: heart rate, beats per minute; LVEF: left ventricular ejection fraction, %; ICD/CN: indeterminate form of Chagas disease/cardiac normality; BSA: body surface area; kg: kilogram.

###### 

Comparison of echocardiographic variables between groups I (normal) and II (ICD/CN)

  Variables                                       Group   p                                      
  ----------------------------------------------- ------- ---------------- ---- ---------------- ---------
  RV EDA[2](#TFN04){ref-type="table-fn"}          30      15,53 ± 8,17     61   12,41 ± 3,28     0,026\*
  RV ESA[1](#TFN03){ref-type="table-fn"}          30      6,85 ± 2,39      61   6,22 ± 1,54      0,199
  RAA[1](#TFN03){ref-type="table-fn"}             31      10,72 ± 2,04     59   10,89 ± 2,64     0,741
  IVC[1](#TFN03){ref-type="table-fn"}             30      15,83 ± 2,91     54   14,91 ± 3,82     0,219
  CIVC[1](#TFN03){ref-type="table-fn"}            30      8,21 ± 2,83      55   7,45 ± 2,34      0,218
  RAP[1](#TFN03){ref-type="table-fn"}             30      5,00 ± 0,00      58   5,10 ± 0,55      0,309
  SPAP[1](#TFN03){ref-type="table-fn"}            11      18,06 ± 9,02     27   19,73 ± 10,18    0,623
  RAV[1](#TFN03){ref-type="table-fn"}             30      24,16 ± 7,90     58   23,74 ± 8,64     0,820
  IRVV[1](#TFN03){ref-type="table-fn"}            24      14,34 ± 4,45     50   13,49 ± 6,12     0,499
  TAM[1](#TFN03){ref-type="table-fn"}             31      23,74 ± 3,33     61   23,67 ± 3,83     0,927
  ET using TD[1](#TFN03){ref-type="table-fn"}     31      283,95 ± 36,08   61   284,79 ± 35,44   0,915
  OCT using TD[1](#TFN03){ref-type="table-fn"}    31      409,98 ± 42,35   61   425,23 ± 43,21   0,110
  RMPI using TD[2](#TFN04){ref-type="table-fn"}   31      0,46 ± 0,17      61   0,51 ± 0,21      0,159
  ET using PD[1](#TFN03){ref-type="table-fn"}     31      298,05 ± 28,39   60   300,23 ± 33,90   0,747
  OCT using PD[1](#TFN03){ref-type="table-fn"}    31      419,23 ± 32,41   60   442,41 ± 35,78   0,003\*
  RMPI using PD[1](#TFN03){ref-type="table-fn"}   31      0,41 ± 0,08      60   0,49 ± 0,20      0,037\*
  FAC[1](#TFN03){ref-type="table-fn"}             30      0,54 ± 0,08      61   0,50 ± 0,07      0,014\*
  S wave[1](#TFN03){ref-type="table-fn"}          31      11,73 ± 1,64     61   10,98 ± 1,83     0,051
  E[1](#TFN03){ref-type="table-fn"}               31      49,89 ± 12,40    61   47,37 ± 9,53     0,324
  A[1](#TFN03){ref-type="table-fn"}               31      29,19 ± 7,33     61   30,95 ± 9,95     0,339
  E/A[1](#TFN03){ref-type="table-fn"}             31      1,83 ± 0,71      61   1,69 ± 0,62      0,355
  DT[1](#TFN03){ref-type="table-fn"}              31      214,77 ± 78,36   61   240,30 ± 61,90   0,120
  e\'[1](#TFN03){ref-type="table-fn"}             31      13,09 ± 3,18     61   11,20 ± 2,65     0,006\*
  a\'[1](#TFN03){ref-type="table-fn"}             31      10,85 ± 3,43     61   11,31 ± 3,73     0,550
  e\'/a\'[2](#TFN04){ref-type="table-fn"}         31      1,71 ± 2,49      61   1,08 ± 0,40      0,034\*
  E/e\'[1](#TFN03){ref-type="table-fn"}           31      4,02 ± 1,29      61   4,43 ± 1,18      0,149
  Vs[1](#TFN03){ref-type="table-fn"}              19      49,83 ± 26,39    36   54,71 ± 23,41    0,503
  Vd[1](#TFN03){ref-type="table-fn"}              19      36,56 ± 19,75    36   38,09 ± 18,08    0,780
  Vr[1](#TFN03){ref-type="table-fn"}              19      23,71 ± 6,82     36   24,93 ± 9,27     0,582
  Vs (Vs + Vd)[1](#TFN03){ref-type="table-fn"}    19      0,57 ± 0,06      35   0,57 ± 0,13      0,979

Variables with normal distribution: Student's t-test.

Variables not showing normal distribution: Mann--Whitney test.

A: late diastolic wave; a\': late diastolic wave in TD; RAA: right atrial area; RV EDA: end diastolic area of the right ventricle; RV ESA: end systolic area of the RV; CIVC: collapsed inferior vena cava; TD: tissue Doppler; PD: pulsed Doppler; E: initial diastolic wave; e\': initial diastolic wave in TD; RMPI: right myocardial performance index; FAC: fractional area change; TAM: tricuspid annulus movement; S wave: systolic wave in TD; RAP: right atrial pressure; SPAP: systolic pulmonary artery pressure; DT: deceleration time; ET: ejection time; OCT: opening and closing time; RAV: right atrial volume; IVC: inferior vena cava; Vd: diastolic wave velocity; RAVI: right atrial volume index; Vr: reverse diastolic velocity of the hepatic vein; Vs: systolic wave velocity.

Parameters for RV systolic function (EDA, ESA, FAC, TAM, and S wave), indices such as RMPI (ET and OCT in TD or PD), diastolic function (E and A waves, DT, e\' and a\' waves, E/A, e\'/a\', and E/e\' ratios, Vs, Vd, Vr, and (Vs/Vs + Vd), as well as the dimensions of RA and IVC for groups I and II are described in [Table 2](#t02){ref-type="table"} (measurements conducted in the online mode).

The prevalence of RV systolic dysfunction in both groups was as follows: FAC (0.0% versus 0.6%), TAM (0.0% versus 0.0%), and S wave (6.4% versus 26.0% with p = 0.016), as seen in [Figure 1](#f01){ref-type="fig"}.

![Prevalence of RV systolic dysfunction. ICD/CN: indeterminate form of Chagas disease/cardiac normality; S wave: systolic S wave velocity in tissue Doppler; FAC: fractional area change; TAM: tricuspíd annulus movement.](abc-104-03-0209-g01){#f01}

The prevalence of global RV dysfunction in groups I and II was as follows: RMPI in TD (16.1% *versus* 27.8%, p = 0.099) and in PD (61.3% *versus* 68%, p = 0.141), with no statistically significant difference, as shown in [Figure 2](#f02){ref-type="fig"}.

![Prevalence of overall RV systolic dysfunction. PD: pulsed Doppler; TD: tissue Doppler; ICD/CN: indeterminate form of Chagas disease/cardiac normality; RMPI: right myocardial performance index; R V: right ventricle.](abc-104-03-0209-g02){#f02}

The prevalence of RV systolic dysfunction in both groups was as follows:

RA (0.0% *versus* 6.0%), PP (0.0% *versus* 0.0%), and RP (0.0% *versus* 0.0%), with no significant difference between the groups (p \> 0.05), as seen in [Figure 3](#f03){ref-type="fig"}.

![Prevalence of RV diastolic dysfunction in patients in groups I and II (ICD): A: transtricuspíd velocity A; AR: alteration in relaxation; E: transtricuspid velocity E; e\': initial diastolic velocity in tissue Doppler; ICD/CN: indeterminate form of Chagas disease/cardiac normality; PP: pseudonormal pattern; RP: restrictive pattern; DT: deceleration time.](abc-104-03-0209-g03){#f03}

Discussion
==========

We analyzed 92 patients in our series, and there was no significant statistical difference between the two groups with regard to age, sex, weight, height, BSA, LVEF, and LVDD; however, there was a predominance of females (24/77.4% versus 45/73.8%) in both the groups. In comparison, Barros et al.36 studied a sample with 12 patients in the control group and 18 with Chagas disease.

As shown in [Table 2](#t02){ref-type="table"}, three echocardiographic variables (RV EDA, RMPI in TD, and e\'/a\' ratio) did not present normal distribution and were subjected to the Mann--Whitney test. The variables RV, EDA, and e\'/a\' ratio were statistically significant, while RMPI in TD was not.

The other variables \[RV ESA, IVC, CIVC, RAP, SPAP, RAV, IRVV, TAM, ET, and OCT in TD, ET and OCT and RMPI in PD, FAC, S wave, E, A, DT, e\', a\', Vs, Vd, and Vr, as well as E/A, E/e\', and (Vs/Vs + Vd) ratios\] showed normal distribution, with a significant value for p between the groups for variables RMPI in PD, FAC, and e\'.

As a continuous variable, in both the groups, the mean S wave in TD presented values greater than 10 cm/s as normal. However, in such a relatively small sample, as a categorical variable, compared with group II, a statistically significant prevalence of 26% for S wave velocity \< 10 cm/s was identified in patients in group II (6.4%), suggesting that TD is important in evaluating incipient damage to longitudinal RV contractile function in ICD/CN. In the study by Barros et al.^[@r36]^, this change in TD was not identified, and only a change in IVCT was identified in the RV free wall in patients with Chagas disease (90.2 ± 2.9 *versus* 106.5 ± 2.3 p = 0.0003).

Pavlicek et al^[@r37]^ in a cohort with 203 non-Chagas patients, studied the variables of RV systolic function best related to RVEF, obtained by NMR. The patients were divided into three groups: group I, 129 patients with RVEF \> 50%; group II, 67 patients with RVEF between 30%--50%; and group III, 27 patients with RVEF \< 30% ([Figures 4A](#f04){ref-type="fig"} and [B](#f04){ref-type="fig"}). A strong correlation was observed between S wave \< 11 cm/s in TD in the RV lateral annulus and RVEF \< 50% obtained by NMR (95% confidence intervals).

![A) TD of the lateral annulus of the RV free wall demonstrating S wave of 11.2 cm/s in patients from group I. B) TD with S waves of 9.6 cm/s and 9.1 cm/s in patients from group II.](abc-104-03-0209-g04){#f04}

FAC averages in both the groups were above the lower limit for normal, with statistically significant differences; however, the variable RV EDA presented an average below the recommended values, without normal distribution between the groups. In the guidelines for assessing RV in adults^[@r15]^, reviews of approximately 20 studies showed average values for RV EDA to be around 18 (16--19). This scattering of averages can be explained by the difficulty in tracing the endocardial edges at the apex of RV where the trabeculae meet^[@r15]^.

In relation to the prevalence of systolic dysfunction using TAM and FAC, it was not possible to calculate the p value because the sample of patients with alterations was insufficient.

RMPI in PD exhibited above-normal values, with significant p values, and this is probably because of measuring ET in heart cycles other than OCT, which is not observed in RMPI in TD. The prevalence of global RV dysfunction in groups I and II showed considerable values, but without statistical significant difference. Pinto et al.^[@r38]^ observed altered RMPI in 28% of Chagas patients without apparent heart disease in comparison with the control group (0.34 ± 0.10 versus 0.26 ± 0.07, p = 0.001) using PD^[@r38]^.

In the study by Pavlicek et al.^[@r37]^, RMPI \> 0.55 in TD showed a strong correlation with RVEF \< 30% in NMR (95% confidence interval).

The parameters used in this study to assess diastolic RV function were essentially the same for the left side and were classified into AR, PP, and RP, according to the current recommendations in the guideline for assessing the right heart in adults^[@r15]^. The presence of RV diastolic dysfunction can be clinically useful because it serves as an easily quantifiable early marker of subclinical RV dysfunction (diastolic dysfunction is present before systolic dysfunction is apparent and before dilatation or RV hypertrophy)^[@r15]^, a fact not observed in this study (26% prevalence of S wave \< 10 cm/s).

However, in this study, using AR, PP, and RP as categorical variables, it was not possible to calculate the prevalence of diastolic dysfunction because of the few changes with significant p values and the small sample size.

The guideline for assessing the in adults15, in a review of 40 studies with 1,688 patients, revealed e\' wave values of 8--20 to be normal, with a mean of 14 cm/s with 95% confidence interval. However, in our study, patients had normal average values for e\' wave, with p values being only marginally significant between the groups, and this finding was similar to that of Barros et al. (18.8 ± 0.8 versus 15.9 ± 0.7, p = 0.014)^[@r36]^.

As shown in [Table 2](#t02){ref-type="table"}, the quantification of RAA, RAV, and IRVV and the mean values and standard deviation found for RAA were within normal limits^[@r15]^. The mean and standard deviation values for RAV and IRVV will be useful information that may contribute in studying RV diastolic function in the near future.

The dimensional parameters between the groups for IVC, CIVC, and RAP showed values within normal limits^[@r15]^.

SPAP was measured in 35% and 44% of patients from groups I and II, respectively, with normal mean and standard deviation values, without significant differences between the groups. According to Badesch et al.^[@r34]^, the normal value for SPAP is \< 35 mmHg.

Final Considerations
--------------------

In this study, in relatively small samples that were nonetheless matched in terms of general characteristics, we observed that TD could identify abnormalities of longitudinal contraction in patients with ICD/CN (26% of the patients with S wave \< 10 cm/s compared with the control group, p = 0.016), although the average S wave value was normal between the groups.

The prognostic significance of these real findings has not yet been established, and studies with strain rate and threedimensional echocardiogram must be performed for early diagnosis and for determining the prognostic significance; echocardiography should be routinely incorporated into the evaluation of these patients with ICD.

Other limitations of this study were the predominance of female patients in both the groups and the assessments performed by a single observer with a learning curve for the objective evaluation of RV.

Conclusions
===========

In a relatively small sample, compared with the control group, 26% of patients with ICD/CN showed prevalent systolic RV dysfunction (S wave \< 10 cm/s), suggesting that TD is important for assessing potential incipient damage in longitudinal RV contraction in ICD/CN.

No significant statistical difference was found between the groups with regard to the prevalence of global dysfunction.

It was not possible to estimate the prevalence of RV diastolic dysfunction between the groups. In TD, e\' wave showed above-normal values between the groups, with a significant p value; however, at present, this is not an established criterion for diastolic dysfunction^[@r15]^.
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